Abstract-Graphene has drawn an astounding research interest in recent years, owing to its exceptional properties. The scaled-up and trustworthy production of graphene derivatives, such as graphene oxide (GO) and thermally reduced graphene oxide (TRGO), offer wide variety of possibilities to synthesize graphene-based polymer materials for various applications. In the present work, poly(vinyl alcohol-g-acrylic acid) films were prepared by grafting polyacrylic acid chains onto polyvinyl alcohol backbone employing a free radical polymerization system in the presence of crosslinking agent, N,N'-methylenebisacrylamide (MBA). The graphene was homogeneously dispersed into the prepared polymer using thermal mechanical agitation technique. The so prepared nanocomposites were undertaken for structural and morphological characterization using FTIR, SEM, XRD, Raman Spectroscopy, DLS, Zetasizer and AFM analysis, respectively. The electrical conductive and mechanical properties of prepared nanocomposite films were also investigated.
INTRODUCTION
There are wide range of carbon-based nanomaterials such as carbon nanotubes (CNTs) and fullerenes which have increased extensive attention as nanofillers for fabricating polymer nanocomposites because of their outstanding properties. For example, CNTs have been considered to be an ideal candidate for the reinforcement of polymer composites to boost their mechanical, electrical, and thermal properties. Therefore, recent research has focused on developing high performance polymer nanocomposites, with the benefit of graphene nanotechnology, to achieve novel composite materials for a wide range of industrial fields. Graphene dramatically improves the properties of polymer based composites at a very low loading and its most fascinating property is the very high surface conductivity leading to the formation of numerous electrically conductive polymer composites [1] .
Graphene is a single-atom-thick planer sheet of carbon atoms closely packed into honeycomb crystal lattice. The two-dimensional (2D) monolayer lattice of sp 2 -bonded carbon atoms has recently influenced the broad applications of graphene based nanomaterials [2] . The carbon atoms are covalently bonded to three others, leaving one valence electron unoccupied.
The vacancy of the free electrons makes graphene to conduct electricity due to outstanding ability of the sp 2 conjugated bond in the carbon lattice enable electrons to move ballistically in a graphene layer without scattering with mobility exceeding 15000 m 2 /(V s) at atmospheric temperature. Graphene materials are being actively probed for their possible applications in nanoelectronics, conductive thin films, supercapacitors, biosensors and nanomedicine. The reduced graphene oxide (RGO) is strongly hydrophilic and forms stable colloidal dispersions in water [3] . The honey comb crystal lattice of graphene made up of a monolayer of sp 2 bonded carbon atoms where each carbon atom is attached with three carbon atoms in the XY plane and a weak π electron cloud in the Z axis. Carbon nanotubes are cylindrical shells made by rolling graphene sheets. This gives carbon nanotubes and graphene its unique electrical properties [4] .
Graphite is the natural source of graphene by which one can prepare lighter nanocomposites at very low cost. The nature of graphene makes it difficult to disperse within the majority of polymers since it can only communicate actively with a definite group of polymers which have aromatic rings. In addition, the low solubility of pristine graphene also limits its applications. In order to make graphene dispersible in or getting along with array of polymer matrices, as well as 1 The article is published in the original.
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No. 5 2017 to maximize the interfacial interactions, chemical modification is a versatile technique, which introduces functional portions that bring other properties to the pristine material. The dispersion of graphene depends on the range of surface containing oxygenated groups as well as on the chosen solvent. However, it can be dispersed in a wide range of the solvents in which the principal soluble polymers can also be dissolved. The high volume of poly(vinyl alcohol) (PVA), for example coincidently forms both intra-and interchain hydrogen bonding which makes it an interesting polymer to interact with graphene. It has been proposed that some interactions occur between the polymer and the reduced graphene oxide layers mainly through hydrogen bonding. These interactions are responsible for a remarkable change in the thermal and electrical behavior of the nanocomposites. These materials have applications in variety of fields including electronics, packaging etc.
[5].
PVA is one of the most important commodity polymers due to its good mechanical and thermal properties. Its semicrystalline nature allows us to circumvent complexities of interpreting property changes associated with crystallization versus graphene addition [6] . Furthermore, the polyvinyl alcohol is of great interest to researchers because of its outstanding film forming and adhesive properties. It has high tensile strength, chemical resistance, durability and flexibility. Polyvinyl alcohol is thermally stable over 100-200°C.
The poly(acrylic acid) modified graphene nanosheets (PAA-GNS) have been found to exhibit good solubility in aqueous solutions and form stable dispersions for a long time. Due to the conjugated structure of graphene basal planes, PAA-GNSs can attach and absorb aromatics, water insoluble drugs etc. It is believed that PAA-GNS could have remarkable applications for drug delivery in biological fields [7] . Both poly(vinyl alcohol) (PVA) and poly(acrylic acid) (PAA) have also been reported as part of either polymer electrolyte or separator in flexible batteries. The addition of PAA further increases the ionic conductivity. Another advantage of these polymers is that they can also hold the electrolyte while maintaining flexibility [8] . RGO-based nanocomposites have significantly demonstrated to have exceptional performances in many aspects. Recently, there were reported only a few investigations devoted to RGO-based composite hydrogels [9] .
Other remarkable physical properties of graphene exhibits include low density and high aspect ratio which enable it to be used as fillers for specific as well as general applications in the realm of polymer composites [10] . Compared to other polymers, processing of PVA can be done in aqueous solutions also since it is soluble in water at high temperature. Stankovich and coworkers [11] worked on PVA nanocomposites with RGO following a simple water solution processing method. Liang et al. [12] reported that 76% increase in tensile strength and a 62% enhancement of Young's modulus were achieved by addition of only 0.7 wt % of RGO [13] .
It might be possible to explore graphene fieldeffect transistors with shorter channel lengths and higher speeds to avoid the adverse short-channel effects, which confine the performance of existing devices [14] . Moreover, graphene has attracted worldwide attention for energy storage and conversion. As a result, they can be used as backup energy sources and to replace or combine with batteries for specific energy applications [15] . Such conducting graphene nanocomposites have been widely applied in anti-static materials, electromagnetic interference (EMI) shielding, chemical sensors, bipolar plates for fuel cells etc. other possible applications include radio-frequency interference shielding for electronic devices and electrostatic dissipation [16] .
It is likely that both the stress and strain transfer from polymer to graphene and the interfacial strength could be improved by functionalizing graphene with polymer chains. So long as they are chemically similar, the grafted polymer chains will mix well with the polymer matrix resulting in an enhanced interface [17] .
Graphene and its related materials offer lots of outstanding properties in materials science and deal with all the critical requirements for a practical electrode material due to their unique 2D nanostructure. Therefore, worldwide research has been invested in the modification; decoration and doping of 2D carbon-ringed graphene nanosheets to further enhance the electrochemical performance of the electrode materials [18] .
In the present work, we report a general approach for the preparation of thermally reduced graphene oxide (TRGO) incorporated film of poly(vinyl alcohol-gacrylic acid) nanocomposite. The TRGO based nanocomposites were synthesized and characterized using Fourier transform infrared spectroscopy, Raman spectroscopy, X-ray diffraction, scanning electron microscopy, Atomic Force Microscopy and their mechanical and electrical behaviors were studied.
EXPERIMENTAL
Materials Natural graphite was purchased from ResearchLab Fine Chem. Industries (Mumbai, India). All other reagents such as concentrated sulfuric acid (98%), potassium permanganate (99.9%), phosphoric acid (85%), hydrogen peroxide (30%) and poly(vinyl alcohol) (PVA) were purchased from Merck India. Hydrochloric acid (37%) was purchased from SigmaAldrich (St Louis, MO) . N,N-Methylenebisacrylamide (MBA) was employed as a crosslinker and potassium persulphate (KPS) as an initiator were used without any pretreatment, acrylic acid (AA) was purchased from HiMedia Lab Pvt. Ltd. and purified prior to polymerization.
